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I. Introduction

Research conducted at NASA Ames Research Center _ has shown that the color-change response

of a shear-sensitive liquid crystal coating (SSLCC) to aerodynamic shear depends on both the magnitude

of the local shear vector and its direction relative to the observer's in-plane line of sight.

In conventional applications, the surface of the SSLCC exposed to aerodynamic shear is

illuminated with white light from the normal direction and observed from an oblique above-plane view

angle of order 30 deg. In this top-light/top-view mode, shear vectors with components directed away

from the observer cause the SSLCC to exhibit color-change responses. At any surface point, the

maximum color change (measured from the no-shear red or orange color) always occurs when the local

vector is aligned with, and directed away from, the observer. The magnitude of the color change at this

vector-observer-aligned orientation scales directly with shear stress magnitude. Conversely, any surface

point exposed to a shear vector with a component directed toward the observer exhibits a non-color-

change response, always characterized by a rusty-red or brown color, independent of both shear

magnitude and direction. These unique, highly directional color-change responses of SSLCCs to

aerodynamic shear allow for the full-surface visualization"' 3 and measurement 4-6of continuous shear

stress vector distributions.

The objective of the present research was to investigate application of the SSLCC method

through a transparent test surface. In this new back-light/back-view mode, the exposed surface of the
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SSLCCwouldbesubjectedto aerodynamicshearstresswhilethecontactsurfacebetweentheSSLCC

andthesolid,transparentwallwouldbeilluminatedandviewedin thesamegeometricalarrangementas

appliedinconventionalapplications.It wasunknownattheoutsetwhetherornotcolor-changeresponses

wouldbeobservablefromthecontactsurfaceof theSSLCC,and,if seen,howthesecolor-change

responsesmightrelatetothoseobservedinstandardpractice.

II. ExperimentalArrangement

Figure1showsaschematicof theexperimentalarrangementandresultantflow field. A 12in.x

12in.plate,1in. thick,of transparentacrylicplasticwasusedasthemodel.Onesurfaceof thisplatewas

beadblastedto a"frosty"surfacefinishtoenhanceSSLCCadhesion.Surfaceroughness,measuredwith

adiamond-tipstylusapparatus,was30_tin.,rms.Theothersurfacewasunalteredfromitsoriginal,

smooth/clearstate.

A 0.003in.nominalthicknesscoatingof HallcrestSSLCCcompoundCN/R3wasspraypainted

ontothebead-blastedtestsurface.Themodelwasmountedbetweentwo 12in.high,sharp-leading-edge,

sidewallswiththeplatechord6in.above,andparallelto,thetunnelfloor;theflow-exposedspanwise

dimensionof thetestsurfacewas11.5in. Thebluntleadingedgeof themodelwasthuspositioned

perpendicularto thefreestreamvelocityvector.

Experimentswereconductedinanin-draftsubsonicwindtunnelwitha3ft. x 4ft. testsection.

Testconditionswereatotalpressureof I arm.,atotaltemperatureof 72°F,andafreestreamvelocityof

180ft/s. Asillustratedin Fig.1,a large-scaleseparatedflow regionformedoverboththeupperand

lowerplatesurfacesimmediatelydownstreamof thebluntleadingedge.Reattachmentoccurred

downstreamof eachreverse-flowzone,resultinginahigh-shear,attached,turbulentboundarylayerflow

overthedownstreamextentofeachsurface.

White-lightilluminationof theSSLCCwassuppliedbyaquartz-arclamp(5600K). SSLCC

color-changeresponsesto thisflow fieldwererecordedwithtwo30frame/scolorvideocameras,one

facingdownstreamandonefacingupstream,eachpositionedata30deg.above-planeviewangle.Shear



vectorsbothtoward,andawayfrom,eachcamerathusexistedsimultaneouslyonbothhorizontalplate

surfaces.

AftertheSSLCCcolor-changeresponsewasrecordedforthetop-light/top-viewdeployment,

flowwasturnedoff andtheplatewasrolled180deg.aboutthefreestreamvelocitydirection.Flowwas

re-establishedandthecolor-changeresponsefor theback-light/back-viewdeploymentof thesame

coatingwasrecorded.

IlL ResultsandDiscussion

Figures2a,bshowthetop-light/top-viewcolor-changeresponses,whileFigures3a,bshowthe

correspondingback-light/back-viewresults.First,considerthetop-light/top-viewimagesof Fig.2.

In Fig.2a,thedownstream-facingview,shearvectorsbeneaththereverse-flowzoneweretowardthe

observerandanon-color-changeresponse(brown)wasseen,whileshearvectorsdownstreamof

reattachment(outlinedbythethinyellowarc)wereawayfromthecamera,resultinginagreencolor-

changeresponse(theno-shearcolorforthiscompoundbeingareddishorange).In Fig.2b,theupstream-

facingview,shearvectorsbeneaththereverse-flowzonewereawayfromtheobserver,andagreencolor-

changeresponsewasseen.Attached-flowvectorsdownstreamof reattachmentweretowardtheobserver

andthenon-color-change(brown)responseresulted.

Crosscomparisonsof Fig.2awith3aandFig.2bwith3bclearlyshowthatthecolor-change

responsesrecordedfor theback-light/back-viewmodeweredirectlyoppositeto thoserecordedin the

conventionaltop-light/top-viewmode.(Note:thestreamwiseextentof thereverse-flowzonewasslightly

largerontheupper,unboundedsurfaceof themodel.)

Onthemacroscopiclevel,thisfindingcanbeexplainedbyanalyzingafree-bodydiagramof a

thin,non-flowingcoating.ApplyingNewton'ssecondlawof motion,theshearstressexertedonthe

coatingbythefluid isequaltoandoppositefromtheshearstressexertedonthecoatingbythesolid

surface.Thephysicsof lightscatteringfromtheliquidcrystalmolecularstructureisbeyondthescopeof

thistechnicalnote.References7and8providesomeinsight.



Theseresultsshowthat the SSLCC method can be utilized to study surface shear stress patterns

in internal-flow problems. Examples include biomedical applications, such as flows in heart-assist

devices; race-car applications, such as flows under inverted wings in close ground (or moving-belt)

proximity; and aerospace applications, such as flows within engine inlets. In addition, visualization

and/or measurement of surface shear stress distributions on external surfaces of test bodies such as

fuselages, hulls, keels, etc., can be accomplished through transparent ports using lights/cameras placed

inside of these structures. Finally, this new back-light/back-view deployment mode overcomes surface

obscuration limitations associated with mounting non-transparent appendages or protuberances onto the

test surface.

References

1) Reda, D.C., and Muratore, J.J., Jr., "Measurement of Surface Shear Stress Vectors Using

Liquid Crystal Coatings, "AIAA Journal, Vol. 32, No. 8, 1994, pp. 1576-1582.

2) Reda, D.C., "Method for Determining Shear Direction Using Liquid Crystal Coatings," U.S.

Patent 5,394,752, March 1995.

3) Reda, D.C., Wilder, M.C., and Crowder, J.P., "Simultaneous, Full-Surface Visualizations of

Transition and Separation Using Liquid Crystal Coatings," AIAA Journal, Vol. 35, No. 4, 1997, pp. 615,

616.

4) Reda, D.C.,, "Method for Measuring Surface Shear Stress Magnitude and Direction Using

Liquid Crystal Coatings," U.S. Patent 5,438,879, Aug. 1995.

5) Reda, D.C., Wilder, M.C., Farina, D.J., and Zilliac, G., "New Methodology for the

Measurement of Surface Shear Stress Vector Distributions," AIAA Journal, Vol. 35, No. 4, 1997, pp. 608-

614.

6) Reda, D.C., Wilder, M.C., Mehta, R.D., and Zilliac, G., "Measurement of Continuous

Pressure and Shear Distributions Using Coating and Imaging Techniques," AIAA Journal, Vol. 36, No. 6,

1998, pp. 895-899.



7) Fergason,J.L.,"LiquidCrystals,"Scientific" American, Vol. 21 I, Aug. 1964, pp. 76-85.

8) De Gennes, P.G. and Prost, J., "The Physics of Liquid Crystals," 2"dedition, Oxford

University Press, Oxford, U.K., 1993.



%%
°z..X_

%

f

Z
0

<_
Z

_d

f

/I, o

_,_

/

/

/

,1
I-
<
.-!
I1.
i-
Z
uJ
rr

I-"

 lllf

\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\

rr
\ 0
\g
\ u_

.-I

z
\ z
\ D

\ v
o

\5
\ m
\
\
\
\
\
\
\
\
\
\
.,,,,

\

e-,

E

e.,

o

° ,,._



_ i I ' _ !_. i

Fig. 2 SSLCC on upper surface, top lit and viewed with,
(a) downstream facing camera" (b) upstream facing camera.

Fig. 3 SSLCC on lower surface, back lit and viewed with,
(a) downstream facing camera, (b) upstream facing camera.


